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SYNTHESIS OF (+) -2-METHOXY -9a-CARBAMORPHINAN 
AND (?) -2-METHOXY -9a-CARBA-14a-MORPHINAN: ACID 
CATALYZED CYCLIZATIONS OF 1-m-METHOXYBENZYL-4, 
4a, 5,6,7.8-HEXAHYDRONAPHTHALEN-2 (3H) -ONE AND 
13-METHOXYBENZYLOCTALINS  
Sitaram Pal ,  Sukumar Ghosh, Bimal K .  Banik, 
Shaikh Khairul Alam and Usha Ranjan Ghatak* 
Department of Organic Chemistry, 
Indian Association for  the  Cultivation of Science 
Jadavpur, Calcutta-700 0 3 2 ,  INDIA 
Abstract : The bridged-ethers, ( + )  -2-methoxy-9a-carbamorphinan 
(lb) ar,d (+-)-2-rrlethoxy-9a-carba-l4a -morphinan(Zb) have  been 
synthesized. The acid-catalyzed cyclizations of 1-m-methoxy 
benzyloctalone 3b and 1 -m-methoxybenzyloctalins 4b proceed 
with high regio-and stereoselectivities leading mostly to  the 
bridged-ketone 14 and ether  l b  respect ively,  along with 
- o-methoxy-tetracyclic ketone 15 and the  ether  1 7 ,  i n  addition 
to other minor products. 
The synthetic methods for (+)-9a-carbamorphinan (la), 
a strong attractant for the economically important coconut 
rhinoceros beetle, Oryctes rhinoceros ( L )  and its inactive 
epimer, (+)-9a-carba-14a-morphinan (2a) , reported i n  an 
ear l ie r  paper' i n  t h i s  ser ies  through Grew's type cycli- 
zations , prompted u s  to  consider the extension of similar 
approach to  the preparation of the respective 2-methoxy ana- 
logues lb and 2b for evaluation of the  structure-activity 
2 
*To whom correspondence should be addressed.  
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relationship. Unlike the cyclizations of the substrates  3a and 
4a, used for t he  synthesis of la and 2a, i n  the  e - m e t h o x y  
analogues 3b and 4b, electrophilic attack by a cation i n  the  
decalin r i n g  may take place ortho o r  para to the  activating 
methoxy group i n  the aromatic moiety resulting i n  a 
qualitative and quantitative differences i n  the  nature of the  
products. Realizing that isolation and identification of the  
diastereoisomeric bridged compounds could be quite difficult 
we have also developed unequivocal synthesis of the  2 -  
methoxy hydrocarbones lb and 2b from the  previously 
reported '  desmethoxy ketones 5a and 6a. In  t h i s  paper we 
descr ibe the  resul ts  of these studies. 
The conversions of the  epimeric bridged ketones, 5a 
and 6a, to  the  respective regioisomerically pure methoxy 
der ivat ives  l b  and 2b, were achieved following standard 
methodologies . However, some unexpected characteristics of 3 
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SYNTHETIC METHODS FOR 9A-CARBAMORAPHINAN 2205 
t he  9a-carbamorphinan br idged system during these  
transformations, were uncovered a s  noted below. 
The nitration of t he  ketone 5a gave the  mononitro 
der iva t ive  7 i n  90% yield which on catalytic hydrogenation i n  
ethanol containing hydrochlor ic  acid i n  t he  presence of 
7 ,  R=NO ,X=O 
8 ,  R = N H Z , X q H  OH 
9 ,  R=OH, X=O 
10 ,  R=NO,, X=O 
1 2 ,  R=OH, X=O 
palladium-on-carbon proceeded rap id ly  and yielded ( 7 4 % )  the  
aminoalcohol 8. The stereochemistry of t he  newly created 
ch i ra l  centre i n  benzylic alcohol is uncertain. Attempted 
hydrogenolysis of 8 under various conditions u s i n g  perchlor ic  
acid i n  e thy l  acetate o r  acetic acid i n  t he  presence of 
palladium-on-carbon o r  platinum oxide was unsuccessful. The 
unusual inertness of t he  benzylic alcohol group i n  8 towards 
hydrogenolysis c lear ly  indicates tha t  t he  two bridged-rings ( A  
and B )  i n  t h i s  compound prevent its adsorption on the  
catalyst  surface . The ini t ia l  reduction of t he  benzylic 
carbonyl to  the  alcohol stage i n  t he  nitro-ketone 7 is 
possibly faci l i ta ted by the  deformation of t he  bridge-rings 
allowing adsorption on the  catalyst  surface and also i n  t h -  
re lease of s t ra in5 involved i n  changing the  hybridization of 
t he  carbonyl carbon from sp2 to  sp3 i n  t h i s  system. The dia-  
zotization6 of the  aminoalcohol 8 followed b y  hydro lys is  
afforded the  phenolic ketone 9 i n  55% y ie ld .  The oxidation 
4 
D
o
w
n
lo
ad
ed
 A
t:
 0
8:
40
 1
7 
Ja
nu
ar
y 
20
11
2206 PAL ET A L .  
of the  secondary benzyl alcohol 8 to  9 possibly a r i ses  out of 
its oxidation7 with ni t r ic  acid o r  t he  corresponding oxide 
produced from t h e  nitrous acid i n  t he  diazotization stage.  
The methylation of 9 gave the  0x0-ether 5b i n  96% yield,  
which on Huang-Minlon reduction8 afforded the  methylether l b  
i n  77% y ie ld .  In an identical  sequence through 10-+11-+12-?2b, 
t he  epimeric ketone 6 b  gave the  respect ive methylether 2 b .  
With t h e  preparat ive success of t he  des i red  2- 
rnethoxy-9a-carbamorphinans l b  and 2 b  from the  respect ive 
- desmethoxy ketones 5a and 6a, t he  acid catalyzed cyclizations 
of t he  p-methoxybenzyloctalone 3 b  and the  -0ctalins 4b were 
next investigated for  a possible  d i rec t  route for  these  
compounds. The des i red  monoalkylated octalone 3 b ,  prepared 
i n  44% yield by alkylation' of octalone 13 with ~p- 
methoxybenzyl ch lor ide ,  on cyclization with orthophosphoric 
acid (Scheme 1 )  gave a mixture of t he  isomeric ketones 14, 
15 and the  par t ia l ly  aromatized ether  16 along with th ree  
other  minor compounds of undetermined s t ructures ,  i n  a ra t io  
of ca 63:24:10:3 i n  excellent yield.  The pure isomeric ketones 
14 and 15 and the  te t racycl ic  e ther  16 were separated by 
chromatography. The assigned s t rcuture  for  1 6 ,  ar is ing from 
the  cyclodehydrationl of 3 b ,  was establ ished by its spec t ra l  
and elemental analyses.  The s t ructure  and stereochemistry of 
t he  bridged ketone 14 was also conclusively establ ished by 
its reduction to  the  e ther  l b .  While the  s t ructures  of t he  
te t racycl ic  ketone 15 and the  corresponding reduced product 
17,  result ing from an unusual ortho cyclization to  the  niethoxy 
group i n  aromatic r i n g  i n  3b (a lso i n  4b as  shown below),  
were assigned from the  spectral  and elemental analyses the  
stereochemistries of these remain uncertain. The differences 
i n  t he  coupling patterns of t he  aromatic protons i n  t he  ' H N M R  
spectra  of the  para-methoxy cyclized product 14 and the  
ether  l b  with tha t  of t he  ortho-methoxy product 15 and the  
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13 
1 6  vi 
16 
17, X=HZ 
lb 
Reagents : (i)  KtAmO,  m-OCH C H C1 (ii) N H 2 * N H 2  .H20, 
( v )  BF3 -Et20  ( v i )  H3PO4-P2O5 
3 7 6  
KOH, DEG (iii) H3P04 ( i v )  CH30H,  HC1 
Scheme-1 
corresponding e ther  17 (see Experimental) c lear ly  es tabl ished 
t h e  re la t ive  position of t he  aromatic methoxy group i n  these  
compounds. The reactions of 3b with hydrogen chlor ide i n  
methanol o r  borontrifluride etherate  gave the  cyclodehydration 
and par t ia l ly  aromatized e ther  16 a s  the  only isolable  
product i n  60% and 35% y ie lds ,  respect ively.  The 
polyphosphoyic acid catalyzed reaction of 3b gave complex 
mixture of products.  I t  should be noted that  (5)-9a- 
carbamorphinan-16-one was the  only product isolated i n  t he  
orthophosphoric acid catalyzed cyclizationl ,9 of benzyl- 
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octalone 3a, whereas polyphosphoric acid induced reaction gave 
cyclodehydrated product s imilar  t o  16. In contrast ,  t o  t he  
polyphosphoric acid catalyzed cyclization of benzyloctalins , 
4a,which gavel a mixture of t he  epimeric bridged hydrocarbon 
l a ,  2a and an unknown hydrocarbon i n  a ra t io  of ca 50:33:17, 
t he  m-methoxy t benzyloctalins 4b obtained by Huang-Minl-on 
reduction of 3b, on cyclization under identical  condition gave 
a mixture of t he  isomeric e the r s  lb, 2b and 17 i n  a ra t io  of 
ca 89:4:7(GLC) i n  excellent y ie ld .  The high s tereoselect ivi ty  
i n  t he  formation of 9a-carbamorphinan e ther  lbs  i n  t he  
cyclization of 4b, having an activated aromatic r ing ,  with 
respect  t o  tha t  i n  e m e t h o x y  substrate  4a is notezworthy.  
Similar to  the  resu l t s  mentioned above for  3b, t he  epimeric 
bridged e the r s  l b  and 2b i n  t he  cyclization of 4b resulted 
from the  exclusive electrophi l ic  para substitution to  the  
methoxy group i n  t he  aromatic r i n g  a t  t he  t e r t i a ry  angular 
cation, whereas the  peri-cyclization product 17 originated 
from the  electrophil-ic a t tack orhto to methoxy aromatic 
r i n g  . 
1 
10 
EXPERIMENTAL 
The compounds descr ibed a r e  a l l  recemates. IR 
spectra  were recorded on a Perkin-Elmer model PE 298 
I spectrometer.  H NMR spectra  were recorded on a Varian XL- 
200  and Jeol FX-100 spectrometers using SiMe4 a s  an internal 
s tandard and the  values a r e  expressed in "6 'I scale .  
Analytical GLC was performed on a Shimadzu GC-9A model 
with a flame ionisation detector  employing 1 .5% OV-17 (6.5 f t  
x 0 . 2 5  i n )  column with N2 a s  the  car r ie r  gas. Elemental 
analysis  was performed by P.P. Bhattacharyya of t h i s  
laboratory.  Column chromatography was performed on neutral 
alumina (Brockman Grade 1) o r  s i l i ca  gel [Glaxo Laboratories 
(India) 1. Petroleum and l igh t  petroleum refer to fractions of 
b.p.  60-80 C and 40-60C respect ively.  
0 0 
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(?)-2-Nitro-9a-carbamorphinan-lO-one (7)  : C o n c e n t r a t e d  n i t r i c  
acid ( 7 m l )  w a s  aded to  the k e t o n e  5a1 ( 3 7 5  m g ,  1 . 5  mmol )  
a n d  the m i x t u r e  w a s  heated i n  a b o i l i n g  w a t e r - b a t h  f o r  30 
min .  T h e  cold r e a c t i o n  m i x t u r e  w a s  d i l u t e d  w i t h  ice a n d  
e x t r a c t e d  w i t h  e ther .  T h e  c o m b i n e d  ether extracts w e r e  
w a s h e d  wi th  s o d i u m  c a r b o n a t e  s o l u t i o n  ( 5 % ) ,  w a t e r  a n d  t h e n  
dried (Na SO ) .  E v a p o r a t i o n  of the s o l v e n t  g a v e  7 (400  m g ,  
9 0 % ) ,  m . p .  131 C ( m e t h a n o l ) ;  I R ( K B r )  1 6 8 5 ,  1605  cm ; 
( W O H )  238 ( logs4 .61 ) ,  272nm ( l o g e 4 . 2 6 ) ;  'H NMR(200 MHz, 
CDC13) 1 .0 -1 .96 (m,14H) ,  2 . 4 6 ( b r d ,  l H ,  C-14H), 2 . 6 4 ( b r s ,  l H ,  
C-9H),  7 . 5 8 ( d , J = 8 H z ,  1H) , 8 . 4 ( d d . J = 8 H z  a n d  3Hz ,  1H) , 
8 . 9 0 ( d ,  J=3Hz ,  1 H ) .  
H ,  6 .71 .  F o u n d  : C ,  71 .42 ;  H ,  6 .88.  
(~)-2-Amino-lO-hydroxy-9a-carbamorphinan (8) : A s o l u t i o n  of 
the  n i t r o k e t o n e  7 ( 3 5 0  m g ,  1.3 mmol )  i n  e t h a n o l  ( 2 5  m l )  a n d  
c o n c e n t r a t e d  hydrochloric acid ( 0 . 2  m l )  w a s  h y d r o g e n a t e d  i n  
the  p r e s e n c e  of 10% p a l l a d i u m  on c a r b o n  ( 1 2 5  mg)  a t  room 
t e m p e r a t u r e  a n d  p r e s s u r e  u n t i l  the u p t a k e  of h y d r o g e n  c e a s e d  
( 5 h ) .  T h e  catalyst  w a s  r e m o v e d  by f i l t r a t i o n  a n d  m o s t  of 
the s o l v e n t  was  r e m o v e d  u n d e r  r e d u c e d  p r e s s u r e .  T h e  
r e s i d u e  w a s  d i l u t e d  w i t h  5% s o d i u m  c a r b o n a t e  s o l u t i o n  ( 1 0  m l )  
a n d  extracted w i t h  e ther .  T h e  o r g a n i c  layer w a s  washed 
w i t h  w a t e r  a n d  b r i n e ,  dried (Na SO ) a n d  e v a p o r a t i o n  of 
s o l v e n t  g a v e  8 ( 2 5 0  m g ,  80%),  m . p .  159 C ( e t h a n o l ) ;  I R ( K B r )  
3640 ,3400 ,1620  ern-'; imax (EtOH)  240 ( l o g s  3 . 9 5 ) ,  295  nm ( log& 
3 . 2 5 ) ;  'H NMR (100 MHz, CDC13) 1 .01 -1 .72 (m,  1 4 H ) ,  2.0- 
2 . 2 8 ( m ,  5H, m e t h i n e  a n d  N H 2 ) ,  5 . 8 8 ( d ,  J = 6 H z ,  l H ,  O H ) ,  
7 . 6 4 ( d d ,  J=8Hz a n d  3Hz ,  l H ) ,  7 .86 -8 .04 (m,  2 H ) .  A n a l .  C a l c d  
for  C17H23NO: C ,  79.37;  H ,  9 . 1 6 .  Found  : C ,  79 .31 ;  H ,  
9 .16 .  
(+)-Z-Hydroxy-9a-carbamorphinan-lO-one ( 9 )  : To a s o l u t i o n  
of s o d i u m  n i t r a t e  ( 0 . 6  g m ,  8.7 mmol )  i n  80% s u l p h u r i c  acid 
( 1 2  m l ) ,  the a m i n o  alcohol 8 ( 2 0 0  m g ,  0.77 m m o l )  i n  pyridipe 
2 4 0  -1 
"m ax 
Ana l .  calcd. f o r  C17H19N03: C ,  7 1 . 5 6 ;  
2 40 
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0 
( 3  m l )  w a s  aded a t  0-5 C a n d  the m i x t u r e  w a s  stirred f o r l h  
a t  that  t e m p e r a t u r e .  I c e  w a t e r  ( 3 0  m l )  w a s  aded t o  t he  re- 
a c t i o n  m i x t u r e  f o l l o w e d  by u r e a  ( 0 . 5  gmJ. T h e  m i x t u r e  w a s  
stirred f o r  30 min  a t  room t e m p e r a t u r e  a n d  f i n a l l y  heated on 
a s t e a m - b a t h  f o r  2 h .  T h e  c o o l e d  r e a c t i o n  m i x t u r e  w a s  
extracted w i t h  ether.  T h e  ether layer  w a s  e x t r a c t e d  w i t h  
three p o r t i o n s  of 5% p o t a s s i u m  h y d r o x i d e  s o l u t i o n ,  a n d  the  
c o m b i n e d  basic layers  w e r e  added to a n  excess of i c e d ,  
c o n c e n t r a t e d  h y d r o c h l o r i c  acid.  T h e  precipitated m a t e r i a l  
w a s  e x t r a c t e d  w i t h  e ther ,  a n d  the  o r g a n i c  l ayer  w a s  w a s h e d  
w i t h  b r i n e ,  dried (Na SO ) a n d  c o n c e n t r a t e d  u n d e r  r e d u c e d  
p r e s s u r e  t/o give 
2 2 6  ( loge  4 . 4 3 ) ,  ( E t h e r ) ;  IR ( K B r )  1675 ,  1610 cm ; Xmax 
2 5 8 ( l o g ~  4 . 1 2 ) ,  330 nm (log 3 . 5 9 ) ;  1 H  NMR ( 1 0 0  MHz, CDC13) 
1.2-1.88 ( m ,  1 4 H ) ,  2.24-2.56 ( m ,  2 H ) ,  5 .6  ( b r s ,  p h e n o l i c  
O H ) ,  7.12-7.28 ( m ,  2 H ) ,  7 .59  ( d ,  J=3Hz ,  1 H ) .  Ana l .  c a l c d .  
for  : C H 0 : C ,  7 9 . 6 5 ;  H ,  7 .86 .  F o u n d  : C ,  7 9 . 3 5 ;  H ,  
8 . 0 2 .  
(+)-2-Methoxy-9a-carbamorphinan-lO-one (5b) : T h e  keto- 
p h e n o l  9 (120 m g ,  0.46 m m o l )  w a s  r n e t h y l a t e d  by r e f l u x i n g  
w i t h  a n h y d r o u s  p o t a s s i u m  c a r b o n a t e  ( 1 . 0  g m )  a n d  m e t h y l  
iodide ( 1  m l )  i n  d r y  a c e t o n e  ( 5  m l )  f o r  6 h .  A f t e r  
d i s t i l l a t i o n  of m o s t  of the  s o l v e n t  f r o m  s t e a m - b a t h  the 
m i x t u r e  w a s  d i l u t e d  w i t h  w a t e r  a n d  extracted w i t h  e ther .  T h e  
o r g a n i c  l a y e r  w a s  w a s h e d  w i t h  w a t e r ,  dried (Na SO ) a n d  
e v a p o r a t i o n  of s o l v e n t  g a v e  5b (108 m g ,  8 5 % ) ,  m . p .  68 C 
( p e t r o l e u m ) ,  homogeneous  i n  GLC ( R t  3 .86 m i n ) ;  IR ( K B r )  
1680 ,1610  cm , H N M R  (200  M H z ,  CDC13) 1.2-1.88 ( m ,  1 4 H ) ,  
2.24-2.56 ( m ,  2 H ) ,  3.86 ( s ,  3H, O C H 3 ) ,  7.12-7.28 ( m ,  2 H ) ,  
7 .59  ( d ,  J = 3 H z ,  1 H ) .  Ana l .  calcd. f o r  C18H2202: C ,  7 9 . 9 6 ;  
H ,  8 . 2 0 ,  F o u n d  : C ,  79 .71 ;  H ,  8.01. 
(+)-2-Methoxy-Sa-carbamorphinan ( lb)  : A s u s p e n s i o n  of 5b 
(80  m g ,  0 .29 mmol )  i n  99% h y d r a z i n e  hydra te  ( 0 . 5  m l )  a n d  
2 4  0 
9 (137  m g ,  6 9 % )  a s  a w h i t e  s o l i d ,  m . p .  185  C 
-1 
17 2 0  2 
2 04 
-1. 1 
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0 
diethylene glycol ( 2  m l )  was heated a t  140-145 C for  1 h 
under N 2 ,  cooled to  100 C and potassium hydroxide ( 0 . 3 5  g )  
was added.  Water was dis t i l led off by heating the  reaction 
mixture u n t i l  the  temperature rose to  200-210 C and maintaining 
it a t  the  same temperature for  2 h while a slow but constant 
f low of N2 was passed through it. The cooled reaction 
mixture was diluted with water and acidified with 6M- 
hydrochloric acid and thoroughly extracted with e ther .  The 
ethereal extract was washed with water, d r ied  (Na2S04) and 
evaporated to afford a gummy mass which on chromatography 
over neutral alumina ( 2  g m )  and elution with petroleum 
afforded the  ether  l b  ( 5 7  mg, 7 5 % ) ,  a s  a colourless o i l ,  
homogeneous i n  GLC ( R t  1 .99  min); IR (neat) 1605 cm-l; 'H 
NMR (200 MHz, CDC13) 1.2-2.6 ( m ,  1 6 H ) ,  2.95-3.26 (m,  2H, 
benzylic protons) ,  3.70 ( s , 3 H ,  O C H 3 ) ,  6.47-7.06 ( m ,  3H) .  
Anal. calcd. for  C18H240: C ,  84.32;  H ,  9.44. Found C ,  84.04;  
H ,  9 .56 .  
(+)-2-Nitro-9a-carba-l4 a - morphinan-10-one (10) : Nitration 
0 
0 
of the  146-ketone 6a' (200  m g ,  0 .83 mmol) by an identical 
procedure to  that  described for  5a gave the nitro-ketone 10 
(210 mg, 8 9 % ) ,  m.p. 166 C (e thanol) ;  IR (KBr) 1685,1605 
3 . 9 4 ) ;  'H cm 1;  
NMR (200 MHz, CDC13) 0.97-2.66 ( m ,  1 6 H ) ,  7.5-8.42 ( m ,  3H) .  
Anal. calcd. for  C17H19N03 Found : C ,  
71.38;  H ,  6.90. 
(+)-2-Amino-lO-hydroxy-9a-carba-14 OL - w o r p h i n a n  (11) : 
Catalytic reduction of the  nitro-ketone 10 (180 m g ,  0.63 
m m o l )  i n  ethanol containing catalytic amount of hydrochloric 
acid i n  the  presence of 10% palladium-on-carbon by an 
identical procedure to  that  described for 7 gave the amino- 
alcohol 11 (105  mg, 6 5 % ) ,  m . p .  188 C (ethanol) ;  I R  ( K B r )  
3600,3380,1605 cm-l; Amax (EtOH) 241 (10gE 3 . 8 3 ) ,  294  nm 
(loge 3 . 2 9 ) ;  'H NMR (200 MHz, CDC13) 0.88-2.7 (m, 1 9 H ) ,  
0 
- 
(EtOH) 238 (log€ 4 . 3 0 ) ,  271  nm (log& 'ma, 
: C ,  71.56;  H, 6.71. 
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4 .96  ( d ,  J=7Hz ,  l H ,  O H ) ,  6.72 ( d d .  J=8Hz a n d  3 H z ,  l H ) ,  
6.96-7.12 (m, 2 H ) .  Ana l .  c a l c d .  f o r  C17H23N0 : C ,  7 9 . 3 7 ;  H, 
9 .16.  F o u n d  : C ,  79 .11 ;  H ,  9 .15 .  
(*)-2-Methoxy-9a-carba-14 a - morph inan- lO-one  (6a) : T h e  
a m i n o  alcohol 11 ( 8 0  m g ,  0.31 mmol) w a s  d i a z o t i z e d  by a n  
i d e n t i c a l  p r o c e d u r e  to  that  described f o r  8 t o  g i v e  the 
c o r r e s p o n d i n g  k e t o - p h e n o l  1 2 ,  w h i c h  w a s  direct ly  m e i h y l a t e d  
a s  described above to  g i v e  the m e t h o x y - k e t o n e  6b ( 6 5  mg ,  
7 7 % )  m.p.  88OC ( p e t r o l e u m ) ,  homogeneous  GLC (Rt  5.36 m i n ) ;  
I R  ( K B r )  1685 ,1605  cm-*;  'H NMR ( 2 0 0  MHz, CDC13) 0.82-2.66 
( m ,  1 6 H ) .  3.82 ( s , 3 H ) ,  6.94-7.56 ( m ,  3H) .  A n a l . c a l c d .  f o r  
C18H2202: C ,  79 .96 ;  H ,  8 . 2 0 .  
(+)-2-Methoxy-9a-carba-l4a - m o r p h i n a n  ( 2 b )  : Huang-Minlon 
r e d u c t i o n  of  the k e t o n e  6b (50 m g ,  0.18 mmol )  by  a n  
i d e n t i c a l  p r o c e d u r e  t o  tha t  described above, f o l l o w e d  by 
c h r o m a t o g r a p h i c  p u r i f i c a t i o n  of the p r o d u c t ,  a f f o r d e d  the 
ether 2 b  ( 2 7  m g ,  6 0 % )  as a c o l o u r l e s s  o i l ,  homogeneous  i n  
GLG (Rt  2 . 6  m i n ) ;  IR ( n e a t )  1 6 0 5  cm-'; 'H NMR (200 MHz, 
CDC13) 0.9-3.1 ( m ,  1 8 H ) ,  3.78 ( s ,  3 H ) ,  6.64-7.16 (m, 3 H ) .  
Ana l .  calcd. for  C18H240: C ,  8 4 . 3 2 ;  H ,  9 .44.  F o u n d  : C ,  
84 .20 ;  H ,  9 .59.  
l -m-Methoxybenzy l -4 ,4a ,  - 5,6,7,8-hexahydronaphthalen-Z (3H)-one 
(3b) : T h e  k e t o n e  13 ( 5 . 0  g ,  3 3  mmol )  w a s  added s l o w l y  
w i t h  s t i r r i n g  to  a n  ice-cold s u s p e s i o n  of  d r y  p o t a s s i u m  1- 
p e n t y l o x i d e ,  prepared f r o m  p o t a s s i u m  m e t a l  ( 1 . 3  g , 29 mg-atom), 
i n  d ry  t h i o p h e n e  f r e e  b e n z e n e  ( 3 0  m l )  u n d e r  N2 a n d  w a s  
r e f l u x e d  f o r  1 h.  m_-Methoxybenzylchloride (6 .0  g ,  38 mmol )  
w a s  added d r o p w i s e  to  the ice-cold dark b r o w n  s o l u t i o n ,  a n d  
the r e a c t i o n  m i x t u r e  w a s  a l l o w e d  to  s t a n d  a t  r o o m  t e m p e r a t u r e  
F o u n d  : C ,  79.91;  H ,  8.26. 
( c a  25-C) 
3h a n d  t h e n  a c i d i f i e d  w i t h  6 M - h y d r o c h l o r i c  a c i d  i n  the cold. 
T h e  o r g a n i c  layer w a s  separated a n d  the a q u e o u s  layer w a s  
nxtracted w i t h  b e n z e n e  ; the extract w a s  w a s h e d  w i t h  w a t e r ,  
f o r  1 5  m i n ,  b e f o r e  b e i n g  heated u n d e r  r e f l u x  f o r  
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dried (Na2S04)  a n d  the  s o l v e n t  w a s  r e m o v e d .  T h e  r e s i d u a l  
oil w a s  c a r e f u l l y  f r a c t i o n a t e d  t o  a f f o r d  3b (3 .1  g ,  3 1 % ) ,  b.p.  
168-175 C (0.2 mm Hg) ( a  c o n s i d e r a b l e  amoun t  of  th ick b r o w n  
b y - p r o d u c t ,  possibly the  dialkylated p r o d u c t ,  w a s  l e f t  i n  the 
d i s t i l l a t i n g  f l a s k )  ; homogeneous  i n  GLC (Rt  5 .07 m i n )  ; I R  
246  nm ( l o g €  4 . 0 7 ) ;  'H N M R  'm ax ( n e a t )  1665 ,1610  c m - l ;  
( 2 0 0  MHz, CDC13) 1.10-3.03 (m, 1 3 H ) ,  3 .56 ( s ,  2 H ) ,  3 .70 (s ,  
3 H ) ,  6.40-7.06 ( m ,  4H) .  Anal .  calcd. f o r  C18H2202 : C ,  
79 .76 ;  H ,  8 .20 .  F o u n d  : C ,  80 .04 ;  H ,  8 .32.  
Acid-catalyzed cyclizations of octalone 3b 
A : With orthophophoric acid : (+)- 2-Methoxy-9a-carbamorph- 
inan-16-one (14) ; ll-Methoxy-l,2,3,3a ,4,5,6a ,7, l l b ,  l l c -  
decahydrobenz[ de]anthracen-6-one( 15) a n d  1.2,3,4-tetrahydro-9- 
methoxybenzo[a] fluorene (16)  : T h e  o c t a l o n e  3b ( 5 0 0  m g ,  
1.8 m m o l )  w a s  treated w i t h  orthophosphoric a c i d  ( 6  m l , 8 9 % )  
a n d  t he  m i x t u r e  w a s  heated on a s t e a m - b a t h  for  12 h .  T h e  
cooled r e a c t i o n  m i x t u r e  w a s  d i l u t e d  w i t h  w a t e r  ( 2 0  m 1 ) a n d  
extracted w i t h  ether ( 4 x 2 5  ml). A f t e r  u s u a l  w o r k - u p ,  the 
r e s i d u e  a f f o r d e d  a c o l o u r l e s s  l i q u i d  (340  m g ) ,  b.p.  185-190 C 
( 0 . 4  mmHg) . GLC a n a l y s i s  revealed it to  be a m i x t u r e  of 14 
1 5 ,  16 a n d  three other m i n o r  unknown c o m p o u n d s  i n  a ra t io  of  
ca 6 3  (Rt  4 .7  m i n ) :  24 (Rt  3.7 rn in ) :  10 (Rt  6 .4  m i n ) :  3 ( R t s  
2 . 3 , l  a n d  0 .5  rnin) by  c o - i n j e c t i o n  w i t h  p u r e  s a m p l e s  of  14, 
15 a n d  16,  o b t a i n e d  a f t e r  s e p a r a t i o n  of this m i x t u r e  as 
described b e l o w .  T h e  m i x t u r e  w a s  dissolved i n  p e t r o l e u m  
a n d  c h r o m a t o g r a p h e d  over activated n e u t r a l  a l u m i n a  ( 2 5  g) . 
T h e  i n i t i a l  l i g h t  p e t r o l e u m  e l u t e s  ( 3 x 1 0 0  m l )  on  s t a n d i n g  i n  a 
ice-box s o l i d i f i e d ,  w h i c h  on c r y s t a l l i s a t i o n  f r o m  l i g h t  
p e t r o l e u m  a f f o r d e d  16 ( 2 0  mg)  , m . p .  142 C ,  h o m o g e n e o u s  i n  
GLC ( R t  6 .4  m i n ) ;  IR ( K B r )  2850 ,1610 ,1460  c m - l ;  
(EtOH) 215  ( l o g e  4 . 3 9 ) ,  275  ( l o g c  4 . 4 1 ) ,  305 nm (loge 3 .80) ;  
'H NMR ( 1 0 0  MHz CDC13) 1.56-1.96 ( m ,  4 H ) ,  2.5-2.9 ( m ,  4 H ) ,  
3 .5  ( b r s ,  2 H ) ,  3 . 7 3  ( s ,  3 H ) ,  6.60-7.60 ( m ,  5H).  Ana l .  calcd. 
0 
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for C18H180: C ,  8 6 . 3 6 ;  H ,  7 .25 .  Found : C ,  86.32 ; H ,  
7 . 3 0 .  The middle fraction, with light petroleum ( 4 x 4 0  m l )  
gave the  ketone 14 (100 mg) ,  homogeneous i n  GLC ( R t  4.7 
min); IR (neat) 1705,1600 cm-' ; 'H NMR ( 2 0 0  M H z ,  CDC13) 
1.26-2.70 (m, 1 4 H ) ,  3.14-3.30 ( m ,  2 H ) ,  3.80 ( s ,  3 H ) ,  6 .72  
( b r s ,  l H ) ,  6 .88 ( b r d ,  l H ) ,  7.32 ( d , J = 8 H z ,  I H ) .  Anal. calcd. 
for C H 0 : C ,  79 .76;  H ,  8 . 2 0 .  Found : C ,  79 .48;  H ,  
8.21. Further elution with light petroleum ( 5 x 1 5  m l )  gave 
the ketone 15 ( 3 5  mg) m . p . 1 2 0  C ,  homogeneous i n  GLC ( R t  3.7 
m i n ) ;  IR ( K B r )  1700,1610 cm-' ; 'H N M R  (200  MHz, CDC13) 
1.04-2.30 ( m ,  1 2 H ) ,  2.54-2.70 ( m ,  2 H ) ,  3.22-3.48 ( m ,  Z H ,  
benzyl ic) ,  3.82 ( s ,  3 H ) ,  6.80 ( d ,  J = 8 H z ,  ZH),  7.2 ( t , J = 8 H z ,  
1 H ) .  Anal. calcd. for  Cl8HZ2O2 : C ,  7 9 . 7 6 ;  H ,  8 . 2 0 .  Found 
: C ,  79 .67;  H ,  8 .08 .  
B : With dry hydrogen chloride i n  methanol : Compound 16 : 
The octalone 3b (130 mg, 0 .48  mmol) was dissolved i n  
anhydrous methanol(4 m l )  and cooled i n  an ice-salt bath (ca 
10°C) .  The reaction mixture was then saturated with dry  
hydrogen chloride and lef t  over: night a t  room temperature and 
finally refluxed for 1 h .  A f t e r  removal of most of the  
solvent under reduced pressure the mixture was diluted with 
water and extracted with e ther .  The ethereal extract was 
washed with 2% sodium hydroxide solution, followed by brine 
and dr ied  (Na2S04). The residue af ter  the removal of the 
solvent was chromatographed over neutral alumina ( 5  g )  and 
eluted with petroleum to afford 16 ( 6 0  mg, 5 3 % )  m . p .  and 
mixed m.p. 142 C ; GLC ( R t  6 . 4  m i n )  identical with the  
sample described above. 
C : With boron trifluoride-etherate : Compound 16 : The 
octalone 3b ( 5 0  mg, 0.18 mmol) i n  d ry  benzene (2 rnl)  was 
refluxed for  9 h with boron trifluoride-etherate ( 0 . 5  ml) . 
After usual work-up , the  chromatography of the product on 
neutral alumina using petroleum gave 16 ( 1 5  m g ,  3 4 % ) ,  m.p. 
and mixed m.p. 142 C .  
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Reduction of 14 to lb : Huang-Minlon r e d u c t i o n  of  14 ( 7 5  m g ,  
0 . 2 7  m m o l )  by a n  i d e n t i c a l  p r o c e d u r e  to tha t  described f o r  
6b f o l l o w e d  by c h r o m a t o g r a p h i c  p u r i f i c a t i o n  of t he  p r o d u c t ,  
a f f o r d e d  the ether  lb, as  a c o l o u r l e s s  oil  i d e n t i c a l  GLC,  I R  
a n d  'H NMR w i t h  the  s a m p l e  described above. 
Reduction of 15 to ll-methoxy-l,2,3,3a ,4,5,6,6a ,7,11 b- 
dodecahydro-1 lc( H)-benz [ delanthracene (17) : Huang-Minlon 
r e d u c t i o n  of t he  k e t o n e  15 ( 2 0  m g ,  0 .074  m m o l )  b y  a n  
i d e n t i c a l  p r o c e d u r e  a s  described above, f o l l o w e d  b y  
c h r o m a t o g r a p h i c  p u r i f i c a t i o n  of  the  p r o d u c t  a f f o r d e d  t he  e t h e r  
17 ( 1 0  m g ,  5 3 8 )  h o m o g e n e o u s  b y  GLC ( R t  1 . 6  m i n ) ;  I R  ( n e a t )  
1600  c m - l  ; 'H NMR ( 2 0 0  MHz,  CDC13) 1 .04 -2 .0  ( m ,  1 5 H )  
2 .46 -2 .58  ( m ,  l H ) ,  3 .12 -3 .26  ( m ,  2H,  b e n z y l i c ) ,  3 .78 ( s ,  3H, 
OCH3), 6 .70  ( d ,  J = 8 H z ,  1 H ) ,  6 . 7 6  ( d ,  J = 8 H z ,  l H ) ,  7 . 1  ( t ,  
J = 8 H z ,  1H). A n a l .  calcd.  f o r  C H 0 : C ,  8 4 . 3 2 ;  H ,  9 .44.  
F o u n d  : C ,  84 .08;  H ,  9 .40 .  
1 -m-Methoxybenzyloctahydronaphthalenes (4b) : T h e  
r e d u c t i o n  of t he  k e t o n e  3b ( 2 . 0  g ,  7 . 4  m m o l )  i n  h y d r a z i n e  
h y d r a t e  ( 2 . 0  m 1 , 9 9 % )  a n d  distilled d i e t h y l e n e  g l y c o l  ( 2 5  m l )  
w a s  carried o u t  u n d e r  i d e n t i c a l  c o n d i t i o n  a s  described for 5b 
t o  a f f o r d  t h e  m-methoxy-benzyloctalins (4b), as  a c o l o u r l e s s  
l i q u i d  ( 1 . 5  g ,  8 0 % ) ,  b .p .  140-150 C ( 0 . 2  mrn H g ) ;  GLC s h o w e d  
t h e  p r e s e n c e  o f  t n r e e  c o m p o n e n t s  i n  a r a t i o  o f  ca 
80:5:15 w i t h  R t  v a l u e s  2 . 8 ,  2.11 a n d  3 . 3  rnin r e s p e c t i v e l y :  IR 
( n e a t )  1610 cm ; 'H  N M R  ( 2 0 0  MHz, CDC13) 0.97-3.5 ( m ,  
1 7 H ) ,  3 .79-3.80 ( m ,  3 H ) ,  6 .71-7.60 ( m ,  4 H ) .  
Cyclization 
ric acid : T h e  a f  o r  em e n  t i o n e d  m ix t u re of pl-m e th  ox y - 
b e n z y l o c t a l i n s  4b ( 5 0 0  m g ,  1 . 9  m m o l )  w a s  added to a w e l l  
stirred s o l u t i o n  of plyphosphoric acid [ p r e p a r e d  f r o m  phosph" - 
r u s  p e n t o x i d e  ( 5 . 0  g )  a n d  o r t h o p h o s p h o r i c  acid ( 2 . 5  m l ,  8 9 % ) ]  
a n d  heated i n  oil bath a t  150  C f o r  1 h .  A f t e r  u s u a l  w o r k - u p ,  
t h e  residue w a s  distilled to  a f f o r d  a c o l o u r l e s s  l i q u i d  ( 4 2 5  
18 2 4  
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0 
mg,  8 5 % ) ,  b.p. 138-145 C (0 .2  mm Hg) .  GLC a n a l y s e s  s h o w e d  
it to be a m i x t u r e  of l b , 2 b  a n d  17 i n  a r a t i o  of ca 89:4 :7  b y  
co- in jec t ion  w i t h  the respective p u r e  s a m p l e s .  
Acknowledgement. W e  g r a t e f u l l y  a c k n o w l e d g e  CSIR , New Delh i ,  
f o r  s u p p o r t  t o  S P ,  SG a n d  BKB as J R F , S R F  a n d  R A ,  
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